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Abstract 
 The University of Colorado Denver (UCD) has taken the leadership role with the first Sports Engineering Program in the 
United States. Sports Engineering is an exciting new area of emphasis for graduate degrees in engineering.  This educational 
program is offered through cooperation between the downtown Denver College of Engineering and Applied Science and the 
Anschutz Medical Campus, both part of the University of Colorado Denver.  This program is showing great promise for high 
enrollments and exciting research opportunities working with the sports equipment manufacturers, the athletes, and the sports 
medicine community. 
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1. The Sports Engineering Connection  
Sports Engineering involves trained professionals interacting with sports equipment manufacturers to develop 
new and better products.  As can be seen in Fig. 1, Sports Engineering is the link between classical engineering, 
sports science and medicine, and the sports equipment.  These three areas overlap when involved in the development 
of sports-related equipment.  The sports medicine physicians identify the physiological problems related to sports 
activities, and the sports engineers work with the sports equipment manufacturers to design and develop technology 
to solve the user’s problems or to enhance the user’s performance.  
Classical engineering training requires math, science, and engineering design skills. Sports science and medicine 
involve knowledge of biomechanics, anatomy, exercise physiology, as well as how athletic activities affect the body 
functions. These two disciplines join with the sports equipment manufacturer to develop technology that is user 
friendly and will support and improve the performance of the athlete or user. 
There are three main areas of science and engineering in the Sports Engineering Link:  
y Classical Engineering:  Requires math, science, and problem solving  
y Sports Science & Medicine:  Requires knowledge of sports, athletes, and functions of the body 
y Product Development:  Requires creativity, innovation, and customer service 
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Fig. 1. The Sports Engineering Link 
2. UCD Sports Engineering Program 
 The new University of Colorado Denver (UCD) Sports Engineering Program facilitates the connection between  
three synergistic areas: engineering, sports science and medicine, and product development.  This new program is a 
thematic concentration in the area of Sports Engineering across graduate education programs at UCD.  Sports 
Engineering tracks are offered in Bioengineering at both the M.S. and Ph.D. levels.  A Master of Engineering 
(M.Eng.) in Mechanical Engineering degree with a Sports Engineering emphasis is also available.  The program is 
in its infancy, but has received enthusiastic response from students, faculty in a wide range of disciplines, sports 
teams, sports organizations, and equipment manufacturers. 
 The program uses the design and development of sports-related equipment and technology as a vehicle for 
meeting the challenges of educating M.S. and Ph.D. engineers.  Students will combine a strong background in one 
field (primarily an engineering discipline, but also physics, biomedicine, biology, computer science, etc.) with 
coursework and research in bioengineering, biology, physics, and other engineering and sciences that all relate to 
sports engineering and technology. 
 The faculty that teach the Sports Engineering students and guide their research come from both UCD 
campuses—a medical campus (Anschutz Medical Campus) and a more traditional campus (Downtown Denver 
Campus) that includes an engineering college and a liberal arts college.  This fact adds to the program’s uniqueness, 
comprehensiveness, and cross-disciplinary nature.  Most Sports Engineering programs don’t include the medical 
component. However, the involvement of medical faculty is important to Sports Engineering because all sports 
involve the functioning of the human body.  
 Colorado is an active, sports-minded state, with thousands of outdoor enthusiasts and Olympic hopefuls training 
at altitude, including paralympians. There are more than a dozen four-year Colorado colleges and universities with 
competitive sports teams. Denver was one of only two U.S. cities to have a team in each of the eight pro sports in 
2009 (football, basketball, baseball, ice hockey, soccer, rugby, lacrosse, and arena football). The Arena Football 
League disbanded in December 2009, so in early 2010 there were only seven U.S. pro sports. Sport is a way of life 
in Colorado for all types of athletes: the armchair athlete, the recreational athlete, and the professional and college 
athlete.  This is an asset to the UCD Sports Engineering program because of the opportunities for collaboration with 
athletes, trainers, sports organizations, and equipment manufacturers.   
 The National Sports Center for the Disabled has been in the mountains of Colorado since 1970, and it has 
adaptive recreational programs in twenty sports.  The UCD Program will include the development of training 
products for parathletes as well as children and senior citizens who, as they age, will demand new technology to 
meet their changing needs.  
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3. Student Research 
 The research that the graduate students undertake will be truly collaborative and integrative.  They will learn to 
work with scientists, engineers, physicians, athletes, and industry personnel to solve unique sport-related problems.  
By having the opportunity to interact with such a wide range of professionals, the graduates will leave the program 
prepared to be leaders in research and development or academic careers. 
 Because of the breadth of knowledge among the participating faculty, students have a unique chance to design a 
research project that requires integration of fundamentals from several disciplines. The nature of the research 
problems requires that students work in interdisciplinary teams; that is, both the students and the advisors on a team 
have expertise in different areas of engineering, medicine, science, or other fields. 
 It is expected that some of the newly-developed technologies or materials would find other applications outside 
the world of sports; for example, gait analysis using computer software might be applied to multiple sclerosis 
patients to help their walking when it had been originally developed to help improve the performance of an Olympic 
track athlete. As another example, a new material developed for a football mouth guard might be used for a fracture-
sensitive machine part. 
 The research program will include the development of training products and technology for prevention of athlete 
injury and improvement of performance.  These advancements in technology will work in conjunction with training 
and physiology to allow athletes to perform at a higher level.  It is expected that products/technology will be 
developed for not only elite athletes, but recreational athletes of all ages.  The following describes some of the 
research projects. 
3.1. United States Olympic Center (USOC)
 The U.S. Olympic Center is located in Colorado Springs, Colorado--only 100 km from Denver.  There has been 
an enthusiastic response to the UCD program from personnel at the USOC.  One example of the research projects 
suggested by USOC personnel is a power measurement device for roller skis to measure the power output of an 
athlete during training.  Such a device exists for cyclists in the back wheel of their bicycle.  A device for roller skis 
would be beneficial for the off-season training of cross country skiers and biathletes.  Another research project under 
consideration is an in-boot pressure measurement device for speed skating/ski jumping. Such a device would record 
dorsal and plantar pressures around the foot, and, for example, it could show how the center of pressure moves 
during the execution of a ski jump.  Another one of the projects under consideration is the development of energy 
storing materials/suits for speedskaters that would conserve and recover the energy of the skaters. 
3.2. University of Colorado football team 
 The athletes of the University of Colorado football team have been dissatisfied with the performance of their 
mouth guards.  The head trainer of CU's athletic department, two engineering faculty, and a head team physician 
who is also a UCD sports medicine professor met to discuss ways to improve the current mouth guard.  The 
engineering professors and students are now researching new materials that will improve the strength, comfort, and 
life of the mouth guards. 
3.3. Local ski company 
 A company that is considering a new ski design asked UCD researchers for help in improving their product, 
specifically with selection and testing of composite materials of different designs. These high-performance skis are 
designed and hand-manufactured in Colorado, so the company’s proximity is helpful for research collaboration.
4. Student Coursework 
 The program integrates important traditional engineering courses with a broad array of courses relevant to Sports 
Engineering. A student in the program might take a course about materials for sports equipment from a Mechanical 
Engineering professor, an applied anatomy course from a medical-campus faculty member, and the course 
“Nonlinear Dynamics in Biomechanics” from a physics professor.  The basic engineering subjects are taught in 
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conjunction with students in other degree programs within the College of Engineering and Applied Science.  
Therefore, the Sports Engineering students will be integrated with those studying mechanical, medical, and other 
engineering disciplines. The plan of study for the M.Eng. degree with Sports Engineering emphasis is shown in 
Appendix A. 
 A new academic course, Introduction to Sports Engineering (see Appendix B), was taught for the first time 
during the Spring 2010 semester.  The course involved faculty from the College of Engineering and Applied 
Science, the Physics Department, and the School of Medicine.  The team-taught class looked at all three aspects of 
Sports Engineering—classical engineering, sports science & medicine, and product design.  Although it was a 
graduate class, it was cross-listed so that interested seniors could also enroll in the class.  The students received 
training in both the engineering and physiology of biomechanics, and then applied this to interdisciplinary projects 
near the end of the semester. 
5. Mentoring, Internships, and Training 
 Several mentorship and retention programs are used for graduate-student development.  The students utilize the 
classroom instruction and public speaking programs offered by UCD’s Center for Faculty Development, as well as 
the well-known annual “Boot Camp for Professors”. 
 Internships with sports equipment manufacturers and Olympic training facilities will be available to the graduate 
students.  Some students will collaborate with university and professional sports training personnel to design 
equipment or systems to meet their needs. 
 Participation in sports should not be limited to the able-bodied, and the best way for students to appreciate this is 
for them to experience handicapped sports adaptation during their training.  The students will be able to benefit from 
two Sports Engineering Program collaborators.  The first is the UCD Assistive Technology Partners Program which 
conducts research and provides equipment adaptation for children and adults with speech, hearing, vision, language, 
cognitive, and physical disabilities.  The second is The Center for Gait and Movement Analysis at The Children’s 
Hospital (adjacent to the Anschutz Medical Campus), the only clinical gait analysis laboratory in Colorado. 
 Students in the program will be encouraged to submit papers for presentation and publication at international 
conferences.  As the only Sports Engineering program in the U.S., UCD along with the American Sports 
Engineering Association proposes to host an international conference biannually in the Spring, starting in 2011.  
Another opportunity for paper presentation is at the American College of Sports Medicine annual conference. 
6. Growth of Sports and Sports Engineering
 Sports provide both entertainment and physical fitness for millions of people.  Sports and major sporting events 
have grown to the point that they are now linked with big business opportunities. The global sports industry is 
estimated to be worth approximately $500 billion per year and is growing at 3% per annum [1].  Sport is a dominant 
part of the culture of the United States; if there is an awkward lull in a conversation between two Americans, 
someone will speak up with “How about those Lakers?”  In the U.S., sports have proliferated to the point where the 
sports industry is seven times bigger than the movie industry and twice as big as the automotive industry [2]. 
     As athletes have searched for improved technology and equipment in order to better their performance, the need 
for Sports Engineering has grown.  Only recently has the sports industry started to systematically adopt modern 
engineering techniques [3], know-how, and research methods into its R&D and manufacturing processes, compared 
to, for example, the aerospace and automotive industries.  The last ten years has seen a rapid cross-fertilization of 
engineering technologies into the sports industry and a consequent explosion of Sports Engineering research and 
training activities.  Therefore, the need is great for a graduate program like the UCD Sports Engineering Program. 
7. Conclusion 
  
 The UCD Sports Engineering program brings together engineering, medical, and science faculty to train both 
Master’s and Ph.D. graduate students in the area of Sports Engineering.  The students, working on multidisciplinary 
teams of students and faculty, will have a practical research experience with which to address the design and 
development of sports materials, equipment, and technology. 
 Colorado provides the ideal location for the program because of the many sports organizations and sports teams 
located in the state, as well as because of the large number of options for recreational sports.  This gives graduate 
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students a tremendous opportunity for interaction with athletes, trainers, sports organization personnel, and 
equipment manufacturers. 
 In addition to coursework and research, student development includes professional speaking and classroom 
instruction skills, mentoring, internship opportunities, and active participation in conferences. 
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Appendix A        
Master’s of Engineering in Mechanical Engineering  
Sports Engineering  
Option 1: Specializing in Materials and Mechanics
Required (Core) Courses: 
Course No.  Course Title           Credit Hours Campus
ME 5238  Intro to Sports Engineering            (3)   Denver 
ME 5120  Methods of Engineering Analysis   (3)   Denver 
ME 5143  Theory of Elasticity        (3)   Denver 
ME 5163  Dynamics         (3)   Denver 
MCEN 5228 Anatomy & Physiology for Eng.    (3)            Boulder/Anschutz 
ME 5960  Master’s Report            (3)        Denver 
Suggested Elective Courses- Others may be offered 
Course No.  Course Title       Credit Hours  Campus
ME 5238  Robotics       (3)    Denver 
ME 5114  Designing with Composites (3)    Denver 
ME 5175  Finite Element Analysis  (3)    Denver 
MCEN 5228 Materials in Medicine   (3)    Boulder 
MCEN 5228 Biomechanics     (3)             Boulder/Denver 
MCEN 5228 Biomedical Devices     (3)    Boulder 
MCEN 5228 Introduction to Polymers    (3)    Boulder 
ECEN 5021 Design of Medical Devices     (3)    Boulder 
ECEN 5831 Brains, Minds, & Computers  (3)    Boulder  
Total Required Courses: 18 Credit Hours 
Total Elective Courses:  12 Credit Hours 
Note: Students should see their advisor to form a coherent set of technical electives. 
Option 2: Specializing in Fluid Dynamics and Aerodynamics
Required (Core) Courses: 
Course No.  Course Title       Credit Hours           Campus
ME 5238            Intro to Sports Engineering     (3)  Denver 
ME 5120   Methods of Engineering Analysis  (3)  Denver 
ME 5141   Viscous Flow        (3)  Denver 
ME 5110          *Numerical Methods           (3)  Denver 
MCEN 5228   Anatomy & Physiology for Eng.   (3)       Boulder/Anschutz 
ME 5960   Master’s Report        (3)   Denver 
                              *Could substitute CFD or FEA 
P.E. Jenkins et al. / Procedia Engineering 2 (2010) 2757–2762 2761
6 P. Jenkins et al./ Procedia Engineering 00 (2010) 000–000 
Suggested Elective Courses – Others may be offered 
Course No.  Course Title         Credit Hours  Campus
ME 5248  Computational Fluid Dynamics (3)   Denver 
ME 5175  Finite Element Analysis   (3)   Denver 
MCEN 5228 Materials in Medicine    (3)   Boulder 
MCEN 5228  Biomechanics      (3)       Boulder/Denver 
MCEN 5228 Biomedical Devices      (3)   Boulder 
MCEN 5228 Introduction to Polymers     (3)   Boulder 
ECEN 5021 Design of Medical Devices       (3)  Boulder 
ECEN 5831 Brains, Minds, & Computers       (3)  Boulder  
Total Required Courses: 18 Credit Hours 
Total Elective Courses:  12 Credit Hours 
Note: Students should see their advisor to form a coherent set of technical electives. 
Appendix B
        Introduction to Sports Engineering  
              Course Outline 
ME 4238/5238 – Introduction to Sports Engineering 
Spring 2010,   M W 4:00 – 5.15 PM, PE Bldg. Rm. 205
  Contact:  Dr. Jenkins (303-556-2894) 
Lecturers A & B – Mechanical Engineering Professors
Lecturer C – Physics Professor 
Lecturers D & E – Physicians and Sports Medicine Professors 
Lecturers F & G – Biomedical Professors 
Class    Date Topics Covered (Sections)  Lecturer HW# and Problems 
1 1/20 Introduction to Sports Engineering                       Dr. A  
2-3 1/25-27 Kinematics of Motion (Sect. A) " HW#1-
4-5 2/1-3 Kinematics of Linear Motion (Sect. B) " HW#2-
6-7 2/8-10 Kinematics of Angular Motion (Sect. C)  " HW#3- 
8-9 2/15-17 Work, Power, and Energy (Sect. D1&2)         " HW#4- 
10-11 2/22-24 Materials in Sports Equipment  Dr. B HW#5- 
12 3/1 Impacts (Sect. D4) Dr. A HW#6- 
13 3/3 Sports Physics Dr. C  
14 3/8 Review  "  
15 3/10 Test #1   
16-17 3/15-17          Applied Anatomy and Physiology in Sports Dr. D HW#7- 
    3/22-3/26       Spring Break    
18-19 3/29-31 Introduction to Sports Medicine  Dr. E HW#8- 
20-21 4/5-7 Biomechanics in Sports Dr. F HW#9- 
22-25 4/12-21 Motion & Gait Analysis   Dr. G HW#10- 
26-29 4/26-5/5 Projects Dr. A  
30 5/10-5/14 Finals Week    
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